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Summary 

The subsonic lateral-directional and longitudinal 
characteristics of a forward-swept-wing fighter con- 
figuration were examined in wind-tunnel tests at 
Mach numbers of 0.2 and 0.5 for angles of attack 
from 7° to 47°. The wind-tunnel model was tested 
over a sideslip range of 15° to 15°. The effects 
of a canard, strakes, the vertical tail, and leading- 
and trailing-edge flaps were examined. The canard 
and strakes both reduced asymmetric moments and 
side forces at zero sideslip for angles of attack up 
to about 30°. The canard had a small influence on 
the lateral-directional stability; however, the strakes 
produced a substantial reduction in the lateral sta- 
bility for angles of attack greater than about 20°. 
The vertical tail improved directional stability up to 
an angle of attack of about 30°. Deflection of the 
leading-edge flaps to 20° at high angles of attack on 
the st rake and canard configurations degraded both 
lateral and directional stability. Deflection of the 
trailing-edge flaps to 20° on the canard configura- 
tion generally increased the lateral and directional 
stability at high angle of attack. Once the basic wing- 
body configuration reached maximum lift, there was 
a very gradual decrease in lift up to the highest an- 
gle of attack tested. In the region of maximum lift, 
the strake configuration produced a more constant 
level of lift than the canard configuration as angle 
of attack was increased. It appeared that the ca- 
nard configuration could be trimmed for the range 
of conditions of this study. The strake configuration 
was more longitudinally unstable and would require 
larger pitching moments than the canard configura- 
tion to trim. The leading- and trailing-edge flaps on 
the wing-body and the canard configurations were 
effective for increased lift only up to an angle of at- 
tack of about 40°. The leading-edge flap remained 
effective on the strake configuration over the entire 
angle-of-attack range tested. 

Introduction 

Highly maneuverable aircraft are frequently re- 
quired to operate at angles of attack well beyond 
maximum lift. Flight at these high angles of attack 
produces a variety of aerodynamic phenomena which 
strongly influence the aircraft stability and control 
(refs. 1 to 4). The aircraft forebody produces vortices 
which become asymmetric at high angles of attack 
and cause large side forces and yawing moments. For 
this reason, the shape of the forebody has a strong 
influence on the lateral-directional stability (ref. 5). 
Aircraft behavior at high angles of attack can also be 
strongly influenced by vortices generated on forebody 
strakes and the wing leading edge. 


Experimental studies of the longitudinal and the 
lateral-directional characteristics of forward-swept- 
wing configurations at high angles of attack are re- 
ported in references 6 to 9. Reference 9 includes 
the effects of forebody strakes. Forward-swept wings 
exhibit different stall characteristics than aft-swept 
wings, and flow fields of forward-swept wings may 
also interact with the flow from the forebody, the 
forebody strakes, or a canard somewhat differently 
than the flow fields of aft-swept wings do. The 
present wind-tunnel investigation was conducted in 
order to determine the subsonic high angle-of-attack 
longitudinal and lateral-directional characteristics of 
a forward-swept-wing fighter configuration. The 
wing and the canard were designed to achieve good 
transonic maneuver performance (refs. 10 to 12). Al- 
though the wing was designed to operate in the pres- 
ence of the canard, the configuration was also tested 
with forebody strakes. The effects of leading- and 
trailing-edge flaps, the vertical tail, and underwing 
or pylon-type vortex generators were also examined. 
The tests were conducted in the Langley 7- by 10- 
Foot High-Speed Tunnel at Mach numbers of 0.2 
and 0.5 over an angle-of-attack range of -7° to 47° 
and a sideslip range of -15° to 15°. 

Symbols 

The measurements and calculations were made 
in U.S. Customary Units. Force and moment coeffi- 
cients are based on the geometry of the basic trape- 
zoidal wing extended to the model centerline. (See 
table I and fig. 1.) Pitching moments are referred to 
a moment center 23.9 in. from the fuselage nose (15.6 
percent of the mean aerodynamic chord) and 0.22 in. 
below the fuselage reference plane. The longitudi- 
nal data are referenced to the stability-axis system 
and the lateral-directional data are referenced to the 
body-axis system. 

b wing reference span, 26.6486 in. 

C local wing chord, parallel to the 

plane of symmetry, in. 

Cq drag coefficient, 

Cl lift coefficient, 

C La = dC L /da, per deg 

Ci rolling-moment coefficient, 

Rolling moment 

qSF 

Cip = dCi/d(3 , calculated by 

(lateral stability derivative, or di- 
hedral effect), per deg 


pitching-moment coefficient, 
Pitching moment 
qSc 

yawing-moment coefficient, 
Yawing moment 
qSb 


= dC n /d(3 , calculated by 



(directional stability derivative), 
per deg 

pressure coefficient, Pl ~ p 
side-force coefficient, Sl( ^!; OIC ‘ e 
= dCy/d/3 , calculated by 

(<V.» -<V_ 5 „)/iO», 

per deg 

mean aerodynamic chord, 9.2589 in. 

fuselage length, 38 in. 

lift-drag ratio 

free- stream Mach number 

free-stream static pressure, psf 

local static pressure, psf 

free-stream dynamic pressure, psf 

wing reference area, 1.5035 ft 2 

local chordwise distance from wing 
leading edge parallel to plane of 
symmetry, in. (with strake on, X 
is still measured from a straight line 
along wing leading edge extended to 
the fuselage) 

fuselage station, measured from 
model nose, in. 

distance from apex of strake mea- 
sured parallel to plane of symmetry, 
in. 

spanwise distance from plane of 
symmetry, in. 

spanwise distance measured from 
apex of strake, in. 

angle of attack, deg 

angle of sideslip, deg 

canard deflection, positive for 
leading edge up, deg 


Sfy e leading-edge flap deflection, mea- 

sured chordwise, positive for leading 
edge down, deg 

6 j te trailing-edge flap deflection, mea- 

sured chordwise, positive for trailing 
edge down, deg 

7] semispan location, y/(b/ 2) 

Abbreviations: 

FRF fuselage reference plane (see 

fig- 1(a)) 

WRP wing reference plane, parallel to 

FRP and 0.22 in. below it 

Apparatus and Tests 

Model Description 

Drawings and details of the wind-tunnel model 
are presented in figure 1. Photographs of the model 
installed in the Langley 7- by 10-Foot High-Speed 
Tunnel are shown in figure 2. The geometric char- 
acteristics are given in table I. The model is rep- 
resentative of a highly maneuverable forward-swept- 
wing fighter configuration equipped with a canard or 
strakes or both. The incidence of the canard is vari- 
able and the wing leading- and trailing-edge flaps can 
be deflected (figs. 1(a) and 1(b)). 

The airfoil sections of the wing and canard were 
designed by the use of transonic computational meth- 
ods. The configuration is designed for a maneuver lift 
coefficient of 0.9 over a Mach range of 0.85 to 0.95 
(refs. 10 and 11). The wing sections are 4.2 to 4.6 
percent thick and have a leading-edge radius of 0.3 
to 0.4 percent of the local wing chord over most of 
the span. The general shapes of the wing sections 
are shown in figure 1(b). The wing has an incidence 
of 2° at the fuselage juncture. The wing twist then 
increases in two linear segments between the fuselage 
juncture and r/ — 0.90 and is a constant 4° outboard. 
The wing twist distribution is given in figure 1(c). 

The leading- and trailing-edge flaps are 15 per- 
cent and 30 percent, respectively, of the local wing 
chord and extend from the fuselage juncture to 
the 0.84-semispan station (figs. 1(a) and 1(b)). The 
photographs of the model (fig. 2) show that the flaps 
are segmented; however, the segments are generally 
deflected as an integral unit. 

The canard has the same aspect ratio as the wing 
(3.28) but is swept aft and is located above and ahead 
of the wing (fig. 1(a)). 

The fuselage cross sections (fig. 1(d)) are circular 
fore and aft of the canopy region. The sides of the 
fuselage are flat in the region of the canard so that 


the canard fits flush with the fuselage as it goes 
through a range of incidence angles. The fuselage 
has been area-ruled for low supersonic Mach numbers 
(ref. 10), and the cross-sectional area distributions 
of the fuselage and the other model components are 
shown in figure 1(e). 

The forebody strakes are mounted below the fuse- 
lage reference plane and are blended into the wing 
leading edge as shown in figure 1(f). The planform 
coordinates of the strake leading edge are given in 
table II. A complete description of the strake design 
is given in reference 10. 

Underwing or pylon- type vortex generators were 
mounted on the lower surface of the wing leading 
edge for some tests. The geometric details and 
wing locations of the vortex generators are given in 
figure 1(h). 

Tests and Corrections 

The investigation was conducted in the Langley 7- 
by 10- Foot High-Speed Tunnel. This is a continuous- 
flow, single- ret urn, atmospheric tunnel with a closed 
rectangular test section. A description and calibra- 
tion of the tunnel is given in reference 13. 

The tests were made at Mach numbers of 0.2 
and 0.5, which corresponded to dynamic pressures 
of approximately 68 and 310 psf, respectively, and 
Reynolds numbers per foot of 1.35 x 10 6 and 
3.00 x 10 6 . Aerodynamic forces and moments were 
measured on a six-component strain-gauge balance 
mounted internally in the model. The model was 
tested over an angle-of-attack range of -7° to 47° at 
sideslip angles of 0° and ±5°, and selected data were 
obtained at sideslip angles from -15° to 15°. The 
angles of attack and sideslip have been corrected for 
the effects of sting and balance bending under aero- 
dynamic load. It should be noted that the model 
support system was designed specifically for stability 
testing. (See fig. 2.) It is expected that this support 
system produced pressure disturbances on the aft re- 
gion of the model, which make the level of the drag 
data questionable for use in performance analysis. 

Jet boundary and blockage corrections, based on 
the procedures of references 14 and 15, respectively, 
were applied to the data. Drag measurements were 
adjusted to the condition of free-stream static pres- 
sure acting over the model base. 

Boundary-layer transition strips were applied to 
the model according to the method of reference 16. 
Strips about 0.06-in. wide of no. 120 carborundum 
grains were placed 0.6 in. aft (streamwise) of the 
leading edges of the wing, canard, vertical tail, and 


strake. A strip of the same width and grain size was 
placed 1.0 in. aft of the fuselage nose. 

The wing and fuselage were instrumented with 
static-pressure orifices distributed in streamwise 
rows, as shown in figure 1(g). The left wing had 
orifices on the upper surface at semispan stations of 
rf = 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.65, and 0.85. 
The right wing had upper-surface orifices at rj = 0.25 
and lower-surface orifices at rj = 0.25, 0.35, 0.50, 
0.65, and 0.85. All surface pressures were recorded 
by the use of differential pressure scanning valves 
mounted in the nose section of the model. 

Presentation of Results 

The results of this study are presented in figures 3 
to 17, which are organized into groups as indicated by 
the subheadings in the following list. The first four 
groups of figures present the characteristics of the 
model in the four basic configurations tested: the 
wing-body, the canard-wing-body, the strake-wing- 
body, and the strake-canard-wing-body configura- 
tions. The results are discussed in the same order 
as the figures. The effects of the canard, the strakes, 
the vertical tail, and the wing leading- and trailing- 
edge flaps are examined. The effects of flow field 
parameters such as Mach number and sideslip angle 
are examined for the various configurations. At ap- 
propriate places in the discussion, the configurations 
are compared by use of figure 15. The last two fig- 
ures present some results for vortex generators and a 
segmented leading-edge flap. Unless otherwise spec- 
ified, all the plotted data are with the vertical tail 
on. 

All the plotted pressure distributions are for a 
sideslip angle of 0°. All the upper-surface pressure 
distributions are plotted for the left wing, with the 
exception of figures 6 and 10. In figures 6 and 10, 
the right-wing upper-surface pressure distribution at 
rj = 0.25 has been used to obtain a more closely 
spaced distribution of orifices at that span station. 

Wing-Body Configuration 

Figure 

Effects of Mach number, vertical tail, and 
sideslip angle. 6f le = &f, TE — 20° .... 3 

Effects of leading- and trailing-edge flaps 
on longitudinal and lateral-directional 
characteristics and on wing and fuselage 
pressure distributions. M — 0.2 4 

Effects of vertical tail on lateral-directional 
stability, le = <$/, TE = 0°; M = 0.2 . . 5 
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Canard-Wing-Body Configuration 


Effects of canard on longitudinal and 
lateral-directional characteristics 
and on wing and fuselage pressure 
distributions. M = 0.2 and 0.5; 

<5/,L E = ^/.TE = 20 ° 6 

Effects of Mach number, vertical 
tail, and sideslip angle. 6 C = 0; 

&f, LE = fy.TE = 20° 7 

Effects of leading- and trailing-edge flaps 
on longitudinal and lateral-directional 
characteristics and on wing and fuselage 
pressure distributions. S c = 0; M = 0.2 . . 8 

Effects of canard incidence on longitudinal 
and lateral-directional characteristics. 

= ^/.TE ~ 20°; M — 0.2 9 


Strake-Wing-Body Configuration 


Effects of strake on longitudinal and 

lateral-directional characteristics and 

on wing and fuselage pressure 

distributions. M = 0.2 and 0.5; 

fy.LE — TE ~ 20° 10 

Effects of Mach number, vertical tail, and 
sideslip angle. £/,le = fy.TE = 20° .... 11 

Effects of leading- and trailing-edge 
flaps on lateral-directional characteristics 
as a function of sideslip angle. 

M = 0.2; a » 36° 12 


Effects of leading-edge flap on 
longitudinal and lateral-directional 
characteristics and on wing and 
fuselage pressure distributions. 

^/,TE — 20°; M — 0.2 13 

Strake-Canard- Wing-Body 
Configuration 

Effects of Mach number, vertical tail, 
and sideslip angle. S € = 0; 

8f, LE = fy\TE = 20° 14 

Canard, Strake, and Strake-Canard 
Configurations 

Comparison of longitudinal and lateral- 
directional characteristics for the three 
configurations. M = 0.2 and 0.5; 
fy.LE = TE = 20° 15 


Vortex Generators 

Effects of vortex generators on longitudinal 
and lateral-directional characteristics for 
canard-wing-body configuration. 

6 C = 0; 8f , LE = 0°; = 20°; 

/? = 0°; M = 0.2 16 

Segmented Leading-Edge Flap 

Effects of segmented leading-edge flap 
on longitudinal and lateral-directional 
characteristics for canard-wing-body 
configuration. 6 C = 0; ^/,te — 20°; 

/? = 0°; M = 0.2 . . .’ 17 

Results and Discussion 

The longitudinal and lateral-directional charac- 
teristics are discussed separately. Pertinent results 
from the literature are discussed along with the 
results of this study. 

Longitudinal Characteristics 

Wing-body configuration. The longitudinal force 
and moment characteristics of the wing-body config- 
uration at Mach numbers of 0.2 and 0.5 are shown 
in figure 3(a), and the wing and fuselage pressure 
distributions for a lift coefficient near 1.0 are plot- 
ted in figures 3(d) and 3(e). The wing leading- and 
trailing-edge flaps are deflected to 20°. Once the con- 
figuration reaches maximum Cj,, there is a gradual 
decrease in lift with angle of attack and the curve 
becomes almost flat. The configuration is longitudi- 
nally stable for angles of attack up to 5° and becomes 
almost neutrally stable over most of the remainder 
of the angle-of-attack range. The wing pressure dis- 
tributions seem to show some trailing-edge separa- 
tion as indicated by the lack of good trailing-edge 
pressure recovery. 1 The fuselage pressure distribu- 
tion shows a drop in pressure just aft of the juncture 
of the wing leading edge with the fuselage (fig. 3(e), 
x'/L = 0.62). 

As shown in figure 4(a), deflection of the leading- 
and trailing-edge flaps produces substantial increases 
in Ci for angles of attack up to about 40°. The flap 
deflection substantially reduces L/D up to an angle 
of attack of 15°, but slightly increases L/D for angles 
of attack of 15° to 25°. Corresponding to the increase 
in L/D at a = 15°, the wing pressure distributions 
in figure 4(d) show less leading-edge flow separation 
with the flaps deflected. 

1 The denser orifice spacing on the wing at t] — 0.25 in 
figure 6(h) (canard off) shows a pressure peak which is not 
apparent in figure 3(d). 
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Canard-wing-body configuration . Figures 6(a) 
and 6(b) show that as angle of attack is increased, 
the addition of the canard produces an increasing in- 
crement of lift up to the angle of attack for max- 
imum lift, after which the lift increment becomes 
approximately constant. Because of the additional 
lift ahead of the moment reference center, the ca- 
nard makes the configuration longitudinally unsta- 
ble at both Mach numbers for angles of attack up to 
about 20°. Above this angle of attack, the configu- 
ration with the canard is almost neutrally stable. 

Figures 6(g) to 6(r) show the effects of the canard 
on the wing and fuselage pressure distributions at 
various angles of attack for Mach numbers of 0.2 
and 0.5. Figures 6(k) and 6(1), for angles of attack 
of about 23° and 25°, show a higher leading-edge 
suction peak on the wing at rj = 0.35 and 0.50 with 
the canard on. The induced downwash on the wing 
from the canard reduces the local angle of attack 
at the wing leading edge and, therefore, reduces the 
flow separation on the wing leading edge. As shown 
in figures 6(a) and 6(b), for a given lift coefficient 
{Ci = 1.4, for example) L/D is higher with the 
canard on than with the canard off. The reduced 
flow separation on the wing caused by the favorable 
interference from the canard would partly explain 
this increased L/D. Of course, the additional area 
of the canard allows the lift to be achieved at a 
lower angle of attack, where flow separation is further 
reduced, and this effect also contributes to a higher 
L/D. The effect of Mach number with the canard on 
is shown in figure 7(a) and is small. 

Figures 6(m) and 6(n) show that the canard 
induces higher velocities and, therefore, an adverse 
pressure gradient at the middle of the fuselage. Since 
the gradient steepens as the Mach number increases, 
it appears that this gradient will develop into a shock 
wave at higher Mach numbers. (See tabulated data 
in ref. 10.) 

The effects of the leading- and trailing-edge flap 
deflections on the canard configuration at a Mach 
number of 0.2 are shown in figure 8(a). Deflection of 
the leading-edge flap increases Ci a , and deflection 
of both the leading- and trailing-edge flaps produces 
a substantial increase in maximum C^. As in the 
case of the wing-body configuration, the flaps are 
only effective for increased lift up to an angle of 
attack of approximately 40°. Figure 8(d) shows that 
deflection of the leading-edge flap greatly reduces the 
leading-edge pressure peak over most of the wing. 
This lower pressure peak eliminates a severe adverse 
pressure gradient and reduces the tendency for flow 
separation. ( L/D increases for essentially constant a 
and Ci , as shown in the figure.) 


The effects of a change in incidence of the all- 
movable canard from 0° to —20° are shown in fig- 
ure 9(a). It appears that the canard generates suffi- 
cient pitching moment to trim this configuration over 
a wide range of angles of attack. 

Strake-wing-body configuration . Figures 10(a) 
and 10(b) show the effects of the strakes on the 
longitudinal force and moment characteristics, and 
figures 15(a) and 15(b) make a direct comparison 
between the strake and canard configurations. In 
the region of maximum C^, the strake configuration 
produces a more constant value of Ci than the ca- 
nard configuration. The strake configuration is much 
more longitudinally unstable than the canard config- 
uration and would require larger moment increments 
to trim. The effect of Mach number for the strake 
configuration is shown in figure 11(a) and is small. 

Figures 10(g) to 10(r) show the effects of the 
strake on the wing and fuselage pressure distributions 
at various angles of attack for Mach numbers of 0.2 
and 0.5. The format is the same as that used for 
the canard configuration. The strake-wing juncture 
is at r] — 0.32, so the pressure measurements at 
rj = 0.25 are behind the strake. With the strake on, 
X/C still refers to X measured from a line along the 
wing leading edge extended to the fuselage. With the 
strake off, figures 10(g) and 10(h) show a peak in the 
pressure at rj = 0.25 at the leading-edge flap hinge 
line of X/C = 0.15. This peak is gone with the strake 
on because in that case there is no flap deflection at 
that span station. Figure 10(k), for a % 23°, shows 
that the strake reduces the leading-edge suction peak 
along the wing leading edge. Apparently the strake 
produces an upwash on the wing leading edge which 
promotes separation at a lower angle of attack than 
if the strake were not present. The fuselage pressure 
distributions show that the addition of the strake 
reduces the longitudinal pressure gradients on the 
fuselage (figs. 10(i), 10(j), 10(m), and 10(n), for 
example). 

Figure 13(a) shows that deflection of the leading- 
edge flap to 20° on the strake configuration has 
a small effect on the longitudinal forces and the 
pitching moment. Above an angle of attack of 12°, 
the flap remains effective for increased lift up to 
the highest angle of attack tested. Similar to the 
wing-body case (fig. 4(d)), figure 13(d) shows that 
deflection of the leading-edge flap at a & 15° reduces 
the leading-edge separation on the wing between 
rj = 0.35 and r) = 0.65. 

Strake-canard-wing-body configuration . Results 
for the strake-canard configuration at Mach numbers 
of 0.2 and 0.5 are shown in figure 14(a) and are com- 
pared with the canard and strake configurations in 
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figures 15(a) and 15(b). The strake-canard configu- 
ration produces somewhat higher maximum Ci and 
requires larger pitching-moment increments to trim 
than either the canard or the strake configuration. 

Vortex generators and segmented leading-edge flap . 

Figure 16(a) shows that the vortex generators used in 
this study have very little effect on the longitudinal 
forces and pitching moment. Figure 17(a) shows that 
deflection of the inboard segment of the leading-edge 
flap has almost no effect on the longitudinal forces 
and pitching moment. Therefore, the increase in 
maximum Ci and the reduced drag caused by de- 
flection of the entire leading-edge flap are apparently 
due to the outboard segment of that flap, 

Lateral-Directional Characteristics 

The lateral-directional aerodynamic symmetry 
and stability of each configuration are now discussed. 
Aerodynamic symmetry is defined as the condition 
of the flow when the model is at zero sideslip and 
the side force, yawing moment, and rolling moment 
are essentially zero. Any significant nonzero values 
of these quantities at zero sideslip are termed asym- 
metric forces and moments. 

Wing-body configuration . The results for the 
wing-body configuration are shown in figures 3 to 5. 
Figure 3(b) shows the lateral-directional charac- 
teristics of the wing-body configuration (vertical 
tail on) with leading- and trailing-edge flaps de- 
flected to 20° at Mach numbers of 0.2 and 0.5 and 
zero sideslip. This configuration generally exhibits 
lateral-directional aerodynamic symmetry for angles 
of attack up to about 15°. Above this angle of at- 
tack, this configuration, with these flap deflections, 
develops very large asymmetric side forces, yawing 
moments, and rolling moments. The yawing moment 
even changes sign as the angle of attack is increased. 

Figure 3(c) shows that this configuration is gen- 
erally directionally stable (positive values of Crip) at 
low angles of attack and becomes directionally un- 
stable at high angles of attack. The configuration 
is laterally unstable at low angles of attack and be- 
comes laterally stable (negative values of Q^) at high 
angles of attack. The effect of an increase in Mach 
number is to produce lateral stability at a lower an- 
gle of attack and to reduce somewhat the directional 
stability. 

The effect of the vertical tail on lateral-directional 
stability of the wing-body configuration at a Mach 
number of 0.2 is shown in figures 3(f) and 5 for 
leading- and trailing-edge flap deflections of 20° 
and 0°, respectively. The vertical tail has essentially 
the same effect for both flap deflections. The basic 


wing-body configuration (vertical tail off) is gener- 
ally directionally unstable over the entire angle-of- 
attack range, and the vertical tail increases the direc- 
tional stability for angles of attack up to about 30°. 
With the flaps undeflected (fig. 5), the vertical tail 
makes the configuration directionally stable for an- 
gles of attack up to 22°. At high a, the vertical tail 
is apparently immersed in separated flow so that its 
effectiveness is lost. 

Figure 3(g) shows the variation of Cy , C n , and 
C[ with the sideslip angle for sideslip angles from 15° 
to —15°. This figure illustrates that the 0 derivatives, 
which are computed from measurements made at 
0 = ±5°, are generally representative of the deriva- 
tives over the sideslip-angle range from 15° to -15°. 
An exception is the variation of C n and C/ at an 
angle of attack of 24.1°. Because of the nonlinear 
behavior of these data, the actual values of C U p and 
Cip at a = 24.1° vary considerably with /?, and for 
some values of 0 differ from the average values in 
figure 3(c), which are computed for data points at 
0 = ± 5°. 

Figure 4 illustrates the effects of deflection of the 
leading- and trailing-edge flaps to 20° at a Mach 
number of 0.2. The flap deflection in general in- 
creases the maximum values of the asymmetric mo- 
ments and side force (fig. 4(b)). The effect of the 
flaps on C Uj3 is to increase stability over most of the 
angle-of-attack range, with a substantial increase oc- 
curring at low a (fig. 4(c)). The effect of the flaps on 
C/^ is to decrease stability at low a and to increase 
stability at high a. 

Canard-wing-body configuration . Figures 6(c) 
and 6(d) show that the addition of the canard greatly 
reduces the asymmetric moments and side forces at 
zero sideslip. With the canard installed, the model is 
close to aerodynamic symmetry for angles of attack 
up to about 40° at a Mach number of 0.2 and up to 
about 30° at a Mach number of 0.5. Above these 
angles of attack some significant yawing moments 
and side forces do develop. Generally, the addition 
of the canard has only a small effect on both the 
directional and the lateral stability at Mach numbers 
of 0.2 and 0.5 (figs. 6(e) and 6(f)). The influence of 
the canard on stability is essentially the same with 
or without the vertical tail (figs. 6(e) and 6(s)). The 
effect of Mach number with the canard installed is 
summarized in figures 7(b) and 7(c). Figure 7(g) 
shows that the variation of Cy, C n , and Q with 0 
is approximately linear for at least 0 = ±10°. 

The effectiveness of the vertical tail with the 
canard on (fig. 7(f)) is essentially the same as with 
the canard off (fig. 3(f)). The vertical tail increases 
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the directional stability for angles of attack up to 
about 25°. 

For a Mach number of 0.2, the effects of the 
leading- and trailing-edge flaps and the canard inci- 
dence on the side force and on the lateral-directional 
moments and stability are generally rather small 
(figs. 8(b), 8(c), 9(b), and 9(c)). These results con- 
trast with the canard-off case (fig. 4(b)), in which 
the flap deflection significantly increases the asym- 
metric moments and side forces. Figure 8(c) shows 
that deflection of the leading-edge flap is somewhat 
directionally destabilizing at high a and is laterally 
destabilizing over most of the angle-of-attack range. 
Deflection of the trailing-edge flap generally increases 
the lateral and directional stability at high a . These 
results contrast somewhat with the results reported 
, in reference 4, which indicate that at high a, the 
; leading-edge flap provides favorable increments for 
lateral-directional stability but that favorable effects 
have not been consistently obtained by the use of 
the trailing-edge flap. For the canard-on case, fig- 
ure 9(b) shows that the canard incidence affects C n 
at zero sideslip for angles of attack greater than 30°. 

The vortex generators and deflection of only the 
inboard segment of the leading-edge flap have a 
minor effect on the lateral-directional characteristics 
at zero sideslip over most of the angle-of-attack range 
(figs. 16(b) and 17(b)). However, the trends in these 
data at the highest angles of attack suggest that these 
devices may develop significant asymmetric moments 
and side force for angles of attack above 43°. 

Strake-wing-body configuration . Similar to the 
situation with the canard, the addition of the strake 
to the wing-body configuration at zero sideslip re- 
duces the asymmetric moments and side forces at 
both Mach numbers for angles of attack up to 
about 30° (figs. 10(c) and 10(d)). Also similar 
to the canard configuration, the strake configura- 
tion does develop significant asymmetric moments 
and side forces above this angle of attack. (See 
figs. 15(c) and 15(d) for a direct comparison of the 
two configurations.) 

In contrast to the addition of the canard, the ad- 
dition of the strake has a very strong influence on 
the lateral stability; however, the effect on the direc- 
tional stability is small, as is the case with the canard 
configuration (figs. 10(e) and 10(f)). Generally, the 
strake stabilizes C n(3 and C/^ at low angles of attack 
and destabilizes them at high angles of attack. Simi- 
lar results are shown in figure 13 of reference 4 for the 
effect of a strake on the lateral-directional stability 
of an aft-swept wing configuration. 

These effects of the strake on lateral stability can 
be explained by the lateral movement of the strake 


vortices at sideslip. As shown in the sketch below, 
looking forward for a positive sideslip angle, the 
windward vortex from the right strake moves inboard 
and the leeward vortex from the left strake moves 
outboard toward the wing tip. This lateral movement 
of the vortices produces a positive rolling moment as 
the vortices pass over the wing. This would explain 
the large increase in (destabilizing) at high a 
caused by the addition of the strake (figs. 10(e) 
and 10(f)). It is recognized, of course, that even 
with the strakes off there is a vortex system from the 
forebody. However, it is expected that these vortices 
behave differently than the strake vortices. 
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Figure 11(g) shows the lateral-directional charac- 
teristics for sideslip angles other than the ±5° used 
to calculate the stability derivatives for this config- 
uration. Both C n and C/ generally vary linearly 
with /3 in a mean sense, with the exception of C n 
at a — 23.7°. At the two higher angles of attack, 
the variation of Cy with /? has a nonlinear behav- 
ior which is not so pronounced for the wing-body 
or the canard-wing-body configurations (figs. 3(g) 
and 7(g)). This behavior is probably due to the in- 
board movement of the vortex from the right strake, 
which places the low pressure vortex core next to the 
fuselage and produces a positive side force at a posi- 
tive sideslip. (See sketch.) 

The effects of the strake on the (3 derivatives 
for the configuration with and without the vertical 
tail (figs. 10(e) and 10(s)) are similar in character 
but slightly different in magnitude. The vertical tail 
increases directional stability for angles of attack up 
to about 30° (fig. 11(f)). 

Figures 15(e) and 15(f) show that the strake 
configuration generally has a lower level of directional 
stability than the canard configuration for angles 
of attack greater than about 30° and a lower level 
of lateral stability for angles of attack greater than 
about 20°. Similar differences in lateral stability 
for an aft-swept wing configuration equipped with 
either strakes or canards are shown in figure 21 of 
reference 4. 
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The effects of Mach number on the lateral- 
directional characteristics of the strake configuration 
are summarized in figures 11(b) and 11(c). 

Figure 12 shows that the leading- and trailing- 
edge flaps have a small influence on the lateral- 
directional coefficients at 36° for sideslip angles 
up to 15°. Figure 13(b) shows that deflection of the 
leading-edge flap to 20° produces a substantial asym- 
metry in the rolling moment at high a . Deflection of 
the leading-edge flap degrades both lateral and direc- 
tional stability at high a (fig. 13(c)), which is similar 
to the case of the canard configuration (fig. 8(c)). 
This contrasts with the deflection of both flaps on 
the wing-body configuration, which increases lateral 
and directional stability at high a (fig. 4(c)). At low 
a, deflection of the leading-edge flap on the strake 
configuration generally increases directional stability 
(fig. 13(c)). 

Strake-canard - wing-body configuration . This 

configuration develops much larger asymmetrical mo- 
ments and side forces at zero sideslip and high a 
than either the canard or the strake configuration 
(figs. 15(c) and 15(d)). The lateral-directional sta- 
bility levels fall near or between those of the canard 
and strake configurations (figs. 15(e) and 15(f)). The 
variation of the lateral-directional coefficients with 
sideslip angle shown in figure 14(g) is similar to the 
results for the basic strake configuration (fig. 11(g)). 

As for previous configurations, the addition of the 
vertical tail increases directional stability for angles 
of attack up to about 30° (fig. 14(f)). However, above 
this angle of attack, the vertical tail reduces both 
directional and lateral stability. This effect of the 
vertical tail at high a also occurs to a lesser extent 
for the strake configuration (fig. 11(f)). For the wing- 
body and canard configurations, this effect is either 
not present or is smaller in magnitude (figs. 3(f) 
and 7(f)). Therefore, it appears the vertical tail 
has a somewhat different effect on lateral-directional 
stability at high a when the strake is present. This 
suggests that there is some interaction between the 
strake vortices and the vertical tail at high a. 

Summary of lateral-directional results . The f) 

derivatives computed for sideslip angles of ±5° ap- 
pear to be sufficiently accurate to provide a gen- 
eral description of the lateral-directional stability 
for sideslip angles up to approximately 10°. The 
addition of either the canard or the strake to the 
wing-body configuration at zero sideslip reduces the 
asymmetric moments and side forces for angles of 
attack up to about 30°. Above this angle of at- 
tack, asymmetric moments and side forces did de- 
velop. The canard has a small effect on the lateral- 
directional stability; however, the strake produces a 


very substantial reduction in lateral stability for an- 
gles of attack greater than about 20°. The strake 
configuration generally has a lower level of direc- 
tional stability than the canard configuration for an- 
gles of attack greater than about 30° and a lower 
level of lateral stability for angles of attack greater 
than about 20°. Other studies have observed similar 
results on aft-swept wings for the effect of strakes on 
the lateral and directional stability and for the differ- 
ences in lateral stability between canard and strake 
configurations. The stability levels for the current 
strake-canard configuration fall near or between the 
levels for the strake and canard configuration. 

The vertical tail increases directional stability 
for all configurations for angles of attack up to 
about 30°. Above this angle of attack, the vertical 
tail is not effective and, in fact, reduces directional 
and lateral stability for the strake and strake-canard 
configurations. It appears, therefore, that the verti- 
cal tail has a somewhat different effect on lateral- 
directional stability at high a when the strake is 
present. Deflection of the leading-edge flap to 20° 
at high a on the strake and the canard configura- 
tion degrades both lateral and directional stability. 
Deflection of the trailing-edge flap to 20° on the ca- 
nard configuration generally increases the lateral and 
directional stability at high a. 

Summary of Results 

The subsonic longitudinal and lateral-directional 
characteristics of a forward-swept wing configuration 
were examined in tests conducted at Mach numbers 
of 0.2 and 0.5 for angles of attack up to 47°. The 
forward-swept wing model of this study was designed 
as a highly maneuverable fighter configuration and 
the effects of both canards and strakes were exam- 
ined. The results of this study may be summarized 
as follows: 

1. Once the basic wing-body configuration 
reached maximum lift, there was a very gradual de- 
crease in lift as angle of attack increased up to the 
highest angle tested. 

2. The canard made the wing-body configuration 
longitudinally unstable for angles of attack up to 
about 20°. Above this angle of attack, the canard 
configuration was almost neutrally stable. 

3. The all-movable canard generated sufficient 
pitching moment to trim the canard configuration 
for the range of conditions of this study. 

4. In the region of maximum lift, the strake con- 
figuration produced a more constant level of lift 
as angle of attack was increased than the canard 
configuration. 
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5. The strake configuration was more longitudi- 
nally unstable and would require larger pitching mo- 
ments to trim than the canard configuration. 

6. Deflection of both the leading- and trailing- 
edge flaps to 20° on the wing-body and canard 
configurations increased lift for angles of attack up to 
about 40°, where the flaps were no longer effective. 

7. Deflection of the leading-edge flap to 20° 
on the strake configuration remained effective for 
increased lift from an angle of attack of 12° to the 
highest angle of attack tested. 

8. The canard and the strakes both reduced 
asymmetric moments and side forces at zero sideslip 
for angles of attack up to about 30°. Above this 
angle of attack, asymmetric moments and side forces 
did occur on the canard and strake configurations. 

9. The canard had a small effect on the lateral- 
directional stability; however, the strakes produced 
a very substantial reduction in lateral stability for 
angles of attack greater than about 20°. 

10. The strake configuration generally has a lower 
level of directional stability than the canard configu- 
ration for angles of attack greater than about. 30° and 
a lower level of lateral stability for angles of attack 
greater than about 20°. 

11. For all angles of attack, the lateral-directional 
stability levels of the strake-canard configuration fell 
near or between the levels for the strake and canard 
configurations. 

12. The vertical tail was effective for increased 
directional stability of all configurations for angles of 
attack up to 30°. Above this angle of attack, the 
vertical tail reduced lateral and directional stability 
when the strake was present. 

13. Deflection of the leading-edge flap to 20° 
at high angles of attack on the strake and canard 
configurations degraded both lateral and directional 
stability. 

14. Deflection of the trailing-edge flaps to 20° on 
the canard configuration generally increased lateral 
and directional stability at high angles of attack. 

NASA Langley Research Center 
Hampton, Virginia 23665-5225 
June 8, 1987 
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Table I. Geometric Characteristics of Model 


Wing (based on trapezoid extended to fuselage centerline): 


Aspect ratio 

Forward sweep of leading edge, deg 

Forward sweep of trailing edge, deg 

Forward sweep of quarter-chord line, deg 

Taper ratio 

Area, ft 2 

Span, in 

Mean aerodynamic chord, in 

Wing spanwise station of mean aerodynamic chord, in 

Fuselage station of 25-percent wing mean aerodynamic chord, in 

Root chord (at fuselage centerline), in 

Tip chord, in 

Dihedral, deg 

Twist (washin from root to tip), deg 

Incidence (root), deg 

Airfoil sections 4.2- 


3.28 

20.234 

49.184 

29.505 

0.2142 

1.5035 

26.6486 

9.2589 

5.225 

23.770 

13.383 

2.867 

0 

6.0 

“ 2.0 

to 4.6-percent-thick supercritical 


Canard (based on trapezoid extended to fuselage centerline, except as noted): 

Leading-edge sweep, deg 

Aspect ratio 

Taper ratio 

Area, in 2 

Span, in 

Root chord (at fuselage centerline), in 

Tip chord, in 

Dihedral, deg 

Airfoil sections 

Ratio of exposed area to wing reference area 


45 

3.28 

0.2142 

54.122 

13.324 

6.691 

1.433 

10 

5.1-percent-thick supercritical 
0.156 


Fuselage: 

Base cavity area, in 2 

Vertical tail (based on exposed area): 

Leading-edge sweep, deg 

Aspect ratio 

Taper ratio 

Area, in 2 

Span, in 

Root chord, in 

Tip chord, in ' 

Airfoil section 

Strakes (based on exposed area of each strake, except as noted): 

Width, in 

Root chord, in 

Slenderness ratio (length/width) 

Area, in 2 

Dihedral, deg 

Ratio of exposed area of both strakes to wing reference area 


5.52 


54 

1.02 

0.310 

29.76 

5.50 

8.26 

2.56 

4-percent circular-arc biconvex 


2.94 

17.7 

6.02 

26.10 

3 

0.241 
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Figure 1. Geometric characteristics of model. Dimensions are in inches unless indicated otherwise. 






Body fill 




(b) Wing sections and flap locations. 
Figure 1. Continued. 
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Cross-sectional 

area, 




(e) Longitudinal variation of cross-sectional areas. 
Figure 1. Continued. 


26.40 
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(f) Forebody strake. 
Figure 1. Continued. 



Figure 1. Continued. 




mounted in Langley 7- by 10-Foot High-Speed Tunnel 
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(c) Rear-top view with canard. 
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(d) Effect of Mach number on wing pressure distribution for lift coefficient near 1.0. (3 = 0‘ 
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(e) Effect of Mach number on fuselage pressure distribution for lift coefficient near 1.0. f3 = C 

Figure 3. Continued. 








(g) Effect of angle of sideslip on lateral-directional characteristics. M 

Figure 3. Concluded. 





(a) Longitudinal characteristics. (3 — 0°. 

Figure 4. Effects of leading- and trailing-edge flaps on wing-body configuration with canard and strake off. 
M = 0.2. 
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O VERTICAL TAIL ON 
n VERTICAL TAIL OFF 


^I.TE ^t.LE 

deg deg 

0 0 

0 0 



Figure 5. Effects of vertical tail on lateral-directional stability for wing-body configuration with canard and 
strake off. bf.LE = #/,TE = 0°; M = 0.2. 
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Canard Stroke 


O Off Off 
D <5 C =0 Off 



(b) Longitudinal characteristics for M — 0.5. 0 = 0°. 
Figure 6. Continued. 
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Canard Stroke 
O Off Off 
D 6=0 Off 



(c) Lateral-directional characteristics for M = 0.2. /3 = 0°. 
Figure 6. Continued. 



Canard Stroke 
O Off Off 
D <5 C =0 Off 



(d) Lateral-directional characteristics for M — 0.5. (3 = 0°. 
Figure 6. Continued. 


(e) Lateral-directional stability for M = 0.2 
Figure 6. Continued. 
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(f) Lateral-directional stability for M = 0.5. 
Figure 6. Continued. 
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(m) Fuselage pressure distributions for M — 0.2. a ss 23°; (3 = 0°. 
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(n) Fuselage pressure distributions for M = 0.5. a sb 25°; 3 = 0°. 
Figure 6. Continued. 
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(s) Lateral-directional stability with vertical tail off. M = 0.2. 
Figure 6. Concluded. 
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Figure 7. 
<5/,LE = 


^ ^f.TE ^f.LE 

deg deg 

O .2 20 20 

□ .5 20 20 



(a) Effect of Mach number on longitudinal characteristics. (3 = 0°. 


Characteristics 
^/,TE = 20 °- 


of canard-wing-body configuration with canard on at zero incidence and strake off. 
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(c) Effect of Mach number on lateral-directional stability. 
Figure 7. Continued. 
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(d) Effect of Mach number on wing pressure distribution for a lift coefficient near 1.0. 0 = 0° 
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(e) Effect of Mach number on fuselage pressure distribution for a lift coefficient near 1.0. 0 = 0 

Figure 7. Continued. 
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(a) Longitudinal characteristics. /? = 0°. 

Figure 8. Effects of leading- and trailing-edge flaps on canard-wing-body configuration with canard on at zero 
incidence and strake off. M = 0.2. 
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(b) Lateral-directional characteristics. (3 = 0 °. 
Figure 8. Continued. 




(d) Wing pressure distributions, a & n°;/? = o°. 
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(e) Fuselage pressure distributions, a ss 11°; « 0°. 

Figure 8. Concluded. 







(b) Lateral-directional characteristics. (3 = 0 
Figure 9. Continued. 









Canard Stroke 


O Off Off 

D Off On 



(b) Longitudinal characteristics for M = 0.5. (3 = 0°. 
Figure 10. Continued. 
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(c) Lateral-directional characteristics for M = 0.2. /? — 0°. 
Figure 10. Continued. 
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(d) Lateral-directional characteristics for M — 0.5. 0 = 0°. 
Figure 10. Continued. 


(e) Lateral-directional stability for M — 0.2 
Figure 10. Continued. 
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(h) Wing pressure distributions for M = 0.5. a ss 8°; 0 = 0°. 
Figure 10. Continued. 
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(1) Wing pressure distributions for M = 0.5. a « 25°; f3 = 0°. 
Figure 10. Continued. 
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(p) Wing pressure distributions for M = 0.5. a ~ 33°; /? = 0°. 
Figure 10. Continued. 










ORIGINAL PAGE IS 
OF POOR QUALITY 


Canard Stroke 
0 Off Off 

D Off On 



(s) Lateral-directional stability with vertical tail off. M = 0.2. 
Figure 10. Concluded. 
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(a) Effect of Mach number on longitudinal characteristics. j3 = 0°. 

Figure 11. Characteristics of strake-wing-body configuration with canard off and strake on. <5/,le 
<5/,TE = 20°. 
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(b) Effect of Mach number on lateral-directional characteristics. (3 = 0°. 

Figure 11. Continued. 
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(c) Effect of Mach number on lateral-directional stability. 
Figure 11. Continued. 
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(d) Effect of Mach number on wing pressure distribution for lift coefficient near 1.0. (3 — 0° 
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(e) Effect of Mach number on fuselage pressure distribution for lift coefficient near 1.0. (3 — 0 

Figure 11. Continued. 
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(f) Effect of vertical tail on lateral-directional stability. M = 0.2. 
Figure 11. Continued. 
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(g) Effect of angle of sideslip on lateral-directional characteristics. M = 0.2. 

Figure 11. Concluded. 
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(a) Longitudinal characteristics. /? = 0°. 

Figure 13. Effects of leading-edge flap on strake-wing-body configuration with canard off and strake on 
6f T g = 20°; M — 0.2. 
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(a) Effect of Mach number on longitudinal characteristics. 0 = 0 °. 


Figure 14. Characteristics of strake-canard-wing-body configuration with canard on at zero incidence and 
strake on. ^/,LE = ^/,TE ~ 20°. 
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(c) Effect of Mach number on lateral-directional stability. 
Figure 14. Continued. 
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(d) Effect of Mach number on wing pressure distribution for lift coefficient near 1.0. (3 = 0°. 


a 

deg 

c L 

L/D 

M 

a,.* 

deg 

^f.LE 

deg 

O 7.1 

1.149 

6.99 

.2 

20 

20 

□ 8.9 

1.322 

6.00 

.5 

20 

20 



(e) Effect of Mach number on fuselage pressure distribution for lift coefficient near 1.0. (3 — 0 

Figure 14. Continued. 
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(g) Effect of angle of sideslip on lateral-directional characteristics. M — 0.2. 

Figure 14. Concluded. 
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(b) Longitudinal characteristics for M = 0.5. (3 = 0' 
Figure 15. Continued. 





(c) Lateral-directional characteristics for M — 0.2. (3 — O' 
Figure 15. Continued. 
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(d) Lateral-directional characteristics for M — 0.5. /? = 0°. 
Figure 15. Continued. 



(e) Lateral-directional stability for M — 0.2 
Figure 15. Continued. 




(f) Lateral-directional stability for M = 0.5 
Figure 15. Concluded. 






Vortex Generator 
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(a) Longitudinal characteristics. 

Figure 16. Effects of vortex generators on canard-wing-body configuration with canard on at zero incidence 
and strake off. <5/,le = 0°;<5/,te = 20°; P = 0°; M — 0.2. 
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(a) Longitudinal characteristics. 

Figure 17. Effects of segmented leading-edge flap on canard-wing-body configuration with canard on at zero 
incidence and strake off. 6 /.TIC = 20°; 0 = 0°; M = 0.2. 
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